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© Process for selectively generating positive and negative resist patterns from a single exposure pattern. 



Qt) a resist pattern having either positive or negative 
correspondence to a single exposure pattern is produced in 
the following manner. The surface of a two layer (12, 14) 
resist structure on a substrate (10) is exposed to radiation 
and development to remove portions (16) of the outer resist 
layer (14). A surface region (18A, 18B) of the remaining resist 
structure ?e dcpcd vvith'ari uiiia^uici radiation aDsorblng 
dopant material. Depending on whether a final resist pattern 
bearing a positive or negative correspondence to the single 
exposure pattern is desired, either (Figure 2A) the doped 
portions (18B) of the lower resist layer (12) or (Figure 2B) the 
whole of the upper resist layer (14) is removed. The 
remaining structure is then flood exposed to ultraviolet 

<^ radiation and developed to remove r slst material unpro- 
tected by the dopant material. 
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PIGS 2B and 3B illustrate how the structure of FIG. 1 may be 
processed to form a negative pattern. 

Photo-lithographic technology is widely used in the formation of 
circuit configurations on semiconductor chips or substrates. A circuit 
configuration is produced from a pattern formed in a radiation sensitive 
resist layer, by exposing the resist layer to optical or electron beam 
radiation and then developing the resist layer to remove selected 
portions of it. The remaining portion or the resisc layer on the 
substrate is then employed as an etching mask. Normally, there are two 
types of resist: positive and negative. When exposed to radiation and 
developed, the exposed positive resist is stripped away leaving a 
positive pattern whereas for a similar exposure on negative resist, the 
exposed negative resist hardens in development and remains, forming a 
negative pattern of the original exposure on the substrate. Thus, for a 
single exposure, one type of pattern, negative or positive, will result 
depending on the type of resist employed. 

The present invention is concerned with a process using doping 
materials in combination with a two layer resist structure such that 
after a single exposure in a predetermined pattern, either a positive or 
a negative version of the exposure pattern may be obtained as desired. 

Referring to PIG. 1, a substrate 10 is coated with a first layer 12 
, of resist which is sensitive to ultraviolet (OV) light, preferably in 
the low wavelength region below 300 nanometers. An example of such a 
resist is polymethyl methacrylate (PMMA) . 

A second resist layer 14 is coated over the layer 12. Layer 14 may 
be composed of positive acting photoresist which is optically sensitive 
to a different region of the spectrum to that of the resist layer 12, 
such as sensitized novolak-based resist which is sensitive above 300 
nanometers. Layer 14 may also ba an e l eC tr«n-h«a* aanaH-.lv* ro sis t 
layer. It should be noted that layer 12 is relatively thick and 
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serves to planarize the surface of substrate 10, thereby permitting 
layer 14 to be relatively thin. Thus, a two layer resist structure is 
provided wherein one resist layer is sensitive to low wavelengths, for 
example, in a particular embodiment below 300 nanometers and the other 
layer is sensitive to higher wavelengths which may be above 300 
nanometers. 

The upper surface of the structure (i.e., layer 14} is then exposed 
to electron beam or visible radiation (depending on the resist 
employed), using a suitable mask or by a controlled beam to form a 
desired exposure pattern and then developed to remove portions 16 of 
layer 14 to form a patterned layer. 

Next, the entire surface of the structure including both the upper, 
patterned resist layer 14, and the lower, thicker layer 12, are doped by 
the introduction, such as by diffusion, of ultraviolet absorbers. 

It is known from the previously mentioned Bassous et al publication 
that the introduction of dopant impurities will alter the spectral 
characteristics of a region of a resist film in high resolution 
photo- lithographic processes. Such dopants are materials which absorb 
ultraviolet radiation in regions of the spectrum in which the resists 
are sensitive. Because of their high UV absorption, very small amounts 
of impurities introduced into a resist film produce large changes in the 
film's transmission spectrum without significantly affecting the 
resist 's other properties such as solubility, adhesion, and 
etch-resistance. Examples of Uv absorbers which are potentially useful 
as resist dopants are naphthalene, anthracene, 9, 10 dibro- 
moanthracene, acridine, phthalazine and phenazine. These organic 
compounds are readily available commercially and possess stable 
properties. 

If the introduction of the dopants into the resist layers of PIG. 1 
is by diffusion, the diffusion of the structure may be performed in the 
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vapor phase at a relatively low temperature inside a closed chamber 
containing one or more dopants. Doping from liquid solutions can also 
be used, but might be less attractive than doping from the vapor phase 
because the resist film is subjected to the influence of the solvent 
which might not be desirable in some applications. 

Thus, an exposed, developed (patterned) structure incorporating a 
diffused OV absorbing layer (18A, 18B) is provided as shown in PIG. 1. 
This structure, having had only a single exposure to a predetermined 
pattern, may be used to provide either a positive or negative version of 
the exposure pattern as desired. 

If a positive version of the pattern is desired, the doped region 
(18B) of the layer 12 is removed at a much faster rate than layer 14 by 
reactive ion etching, plasma etching or the like to provide the 
structure illustrated in FIG. 2A. The upper surface of structure of 
FIG. 2A is then "flood" exposed by deep OV radiation. 

Deep UV radiation, for example, is radiation in the 200 to 300 
nanometer wavelength range which is used to "flood" or totally cover the 
structure of FIG. 2A. The lower resist layer 12, being composed of 
material sensitive to wavelengths below 300 nanometers, will be 
sensitized by the deep UV radiation. It is the function of the doped 
regions of layer 14 completely to block the deep UV radiation. In the 
positive pattern case of FIG. 2A, the deep UV radiation is also blocked 
in part by the presence of the non-doped portion of layer 14 which is 
sensitive to wavelengths above 300 nanometers, as well as by the doped 
portion. In view of the presence of the non-doped resist layer 14, 
acridine or anthracene alone, for example, may be used as the dopant 
material. If, on the other hand, an extremely thin resist layer 14 is 
used, which is possible and desirable for high-resolution lithography, 
then the non-doped portion of layer 14 may be transmissive to the deep 
UV flood radiation and stronger dopants may t>e required such as used in 
the case of obtaining a negative pattern described hereinbelow. 
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After the flood exposure of the structure of PIG. 2A to the deep UV 
radiation, the sensitized region of layer 12 which is not located under 
the doped portions of layer 14 is developed and removed, leaving the 
regions under the doped portions of layer 14 on the substrate 10 as 
shown in FIG. 3A, thereby providing a positive version of the original 
exposure pattern. 

Or* the other hand, if a negative ^ — — — -/ — * u j^ - 

of FIG* 1 is removed by selective solvents or developers to provide the 
structure illustrated in FIG. 2B, where only layer 12 remains on the 
substrate 10. The structure of FIG. 2B is exposed to deep UV radiation 
just as in the case of FIG. 2A, and then developed. Only the material 
under the doped region of layer 12 which is opaque to the UV radiation 
will remain on the substrate 10 to provide the patterned structure 
illustrated in FIG. 3B which is the negative version of the original 
exposure pattern. 

It should be noted that in FIG. 2B f there is no extra layer of 
resist material sensitive to higher UV wavelengths disposed under the 
doped region, as was the case for FIG. 2A. Thus, all the blockage of 
the deep UV radiation must be by the doped region alone. Thus, an 
example, of. dopants suitable for the case of FIG. 2B would be a mixture 
of napthalene and acridine, which possess strong absorption bands at 220 
nanometers and 250 nanometers respectively which are regions of the 
spectrum to which PMMA is most sensitive. 

One. skilled in th« will appreciate that the positive an3 

negative patterns shown in the illustrations of FIGS 3A and 3B are very 
simple for purposes of explanation, and that the described process may 
be used to create more complex image patterns for microcircuitry 
applications. Among other advantages over the prior art, in the 
described process the imaging resist employed does not have to be opaque 
to deep UV since it is subsequently doped, and, for the same reason, a 
much thinner imaging layer may be used. Furthermore, as previously 
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stated, either positive or n gative versions of a pattern can be 
delineated from the same pattern exposure step, such pattern exposure, 
step using actinic, electron beam or X-ray radiation onto a first resist 
layer, followed by a doping step and flood exposure of a second resist 
layer. 

One skilled in the art will also appreciate that the materials 
mentioned as suitable for resists and dopants and the wavelengths and 
other specific values set forth are for purposes of explanation, and 
that other suitable equivalents and ranges may also be employed in 
carrying out the described invention. 

There has been described a process which is particularly well 
suited for providing positive or negative patterns from the same image 
exposure over topographically structured surfaces as typically 
encountered in VLSI fabrication. 
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CLAIMS 

1. A method for creating a resist pattern on a substrate (10) com- 
prising the steps of: 

forming a structure composed of the substrate (10) , a first resist 
layer (12) of ultraviolet radiation sensitive material on the 
substrate and a second resist layer (14) o! i.adiatiorj sensitive 
resist material on the first resist layer (12) , 

exposing the second resist layer (14) to a pattern of radiation and 
developing the second resist layer (14) to produce a first pattern 
of material consisting of the remaining portions of the second 
resist layer on the surface of the first resist layer, 

introducing an ultraviolet radiation absorbing dopant material into 
a surface region of the uncovered portions (18B) of the first 
resist layer and the remaining portions (18A) of the second resist 
layer , 

either (A) removing the doped surface region (18A) of the uncovered 
portions of the first resist layer or (B) entirely removing the 
second resist layer (14), 

and flood exposing the surface of the remaining structure to 
ultraviolet radiation and developing to create a resist pattern 
form** r>f rh* portions of "id first resist layer covered by c 
surface region (18A or 18B) into which said ultraviolet radiatior 
absorbing dopant material nad been introduced. 
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2. A method for creating a resist pattern on a substrate, comprising 
the steps of: 

forming a structure composed of the substrate, a first resist layer 
of ultraviolet radiation sensitive material on the substrate and a 
second resist layer of radiation sensitive resist material on the 
first resist layer, 

selectively exposing the second resist layer to a pattern of 
radiation and developing the second resist layer to produce a 
pattern of material consisting of the remaining portions of the 
second resist layer on the surface of the first resist layer, 

introducing an ultraviolet radiation absorbing dopant material into 
a surface region of the uncovered portions of the first resist 
layer and the remaining portions of the second resist layers, 

etching away the doped surface region of the uncovered portions of 
the first resist layer, 

and flood exposing the surface of the remaining structure to 
ultraviolet radiation and developing the exposed surface to remove 
the uncovered portions of the first resist layer and thereby to 
create a pattern formed of portions of the first resist layer and 
bearing a positive correspondence to the pattern of selective 
exposure . 

3, A method for creating a resist pattern on a substrate comprising 
the steps of: 

forming a structure composed of the substrate, a first resist layer 
of ultraviolet radiation sensitive material on the substrate and a 
second resist- l»yer of radisticr. sensitive material on Lhe first 
resist layer, 

selectively exposing the second resist layer to a pattern of 
radiation and developing the second resist layer to produce a 
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pattern in the form of the remaining portions of the second resist 
layer on the surface of the first resist layer, 

introducing an ultraviolet radiation absorbing dopant material into 
a surface region of the uncovered portions of the first resist 
layer and the remaining portions of the second resist layer, 

4-1 r,f +-v. e cooonr* resist laver to exposed both 

the doped and undoped surface portions of the first resist layer, 

and flood exposing the uncovered surface of the first resist layer 
to ultraviolet radiation and developing the exposed surface to 
remove the portions of the first resist layer unprotected by a 
doped surface region and thereby to create a pattern formed of 
portions of the first resist layer covered by the doped surface 
region and bearing a negative correspondence to the pattern of 
selective exposure. 

A method as claimed in any preceding claim, in which said 
ultraviolet radiation absorbing dopant material is selected from 
naphthalene, acridine, phthalazine, anthracene and phenazine. 

A method as claimed in any preceding claim, in which the first 
resist layer is sensitive to ultraviolet radiation below 300 
nanometer wavelength. 

A method as claimed in claim 5, in which the second resist layer is 
sensitive to ultraviolet radiation above 300 nanometer wavelength. 

A method as claimed in claim 5, in which the second resist layer is 
sensitive to actinic radiation. 

A method as claimed in claim 5, in which the second resist layer 
is sensitive to an electron beam. 
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9. A method as claimed in any preceding claim, in which the first 
resist layer is sufficiently thick to planarize the surface 
topology of the substrate and the said second resist layer is 
relatively thin compared with the first resist layer. 



10. A method as claimed in any preceding claim, in which the 
ultraviolet radiation absorbing dopant material is introduced into 
the first and second resist layers by diffusion. 
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@ Process for selectively generating positive and negative resist patterns from a single exposure pattern. 

@ A resist pattern having either positive or negative cor- 
respondence to a single exposure pattern is produced in the 
following manner. The surface of a two layer (12, 14) resist 
structure on a substrate (10) is exposed to radiation and 
development to remove portions (16) of the outer resist 
layer (14). A surface region (18A. 18B) of the remaining 
resist structure is doped with an ultraviolet radiation ab- 
sorbing dcpar.t material. Depending on wnetner a final 
resist pattern bearing a positive or negative corre- 
spondence to the single exposure pattern is desired, either 
(FIG 2A) the doped portions (18B) of the lower resist layer 
(12) or (FIG 2B) the whol of the upp r resist layer (14) is 
removed. The r maining structur is then flood xposed to 
ultraviolet radiation and developed to remov resist materi- 
al unprotected by the dopant material. 
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